1. A method is described for preparing isolated rat submandibular acini by collagenase digestion followed by mechanical dispersion. As assessed by Trypan Blue exclusion, phase contrast microscopy, ATP content and release of mucins and lactate dehydrogenase, the acini are morphologically and functionally intact. 2. Secretory function of isolated acini was similar to that of intact tissue in terms of time-course, dose dependence and degree of stimulation of mucin release by adrenergic secretagogues. 3. Mucin release was increased to the same extent (approx. 3-4-fold) by either isoproterenol or noradrenaline at a maximally effective concentration (10pM). 4. Stimulation of mucin release by isoproterenol (1OpM), noradrenaline (1OpM) or adrenaline (10pM) was inhibited by propranolol (30 gM) but not by phentolamine (30 gM). 5. Isoproterenol (10pM) increased both 45Ca2+ uptake and efflux from the acini, which was shown to represent a net release of calcium. However, there was a delay (approx. 10min) in onset of stimulation of 45Ca2+ mobilization which was not apparent in isoproterenol stimulation of mucin release. 6. Our results indicate that increases in intracellular calcium mobilization in response to a P-adrenergic secretagogue do not trigger mucin secretion from rat submandibular acini.
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The salivary glands are innervated by sympathetic and parasympathetic nerves which regulate secretion of water, electrolytes and proteins. The mechanism of secretion of serous proteins has been extensively studied in vitro using the rat parotid gland (Butcher & Putney, 1980) , but less attention has been focused on studying secretion of mucins, an essential constituent of saliva.
The rat submandibular gland is seromucous, consisting predominantly of mucous acinar cells (Scott & Pease, 1959) , which synthesize and secrete high-M, mucins. This tissue therefore provides a good system in which to study the mechanisms controlling mucin secretion. The gland also contains granular duct cells which secrete proteinases (Matthews, 1974; Bogart & Picarelli, 1978) ; thus a preparation enriched in acinar cells would be advantageous for studying mucin release in vitro. Previous studies using tissue slices (Bogart & Picarelli, 1978) or dispersed acinar-intercalated duct complexes (Quissell & Redman, 1979; Quissell & Barzen, 1980) have confirmed evidence in vivo (Bogart, 1975 ; Martinez & Cassity, 1982 ) that adrenergic agents are potent stimulators of mucin secretion. However, in tissue slices (Bogart & Picarelli, 1978) increases in mucin release were observed only in response to P-adrenergic stimulation, whereas in acinar-duct complexes (Quissell & Barzen, 1980 ) both a-and f-adrenergic stimulation of mucin release was reported.
Cyclic AMP and Ca2+ have been investigated as regulators of mucin release from rat submandibular glands (Quissell & Barzen, 1980; Quissell et al., 1981) , but their relative roles in the stimulation of mucin secretion is not clear. Experiments in vivo suggest that Ca2+ is released from rat submandibular glands in response to ,B-adrenergic stimulation (Dreisbach, 1967; Yu & Schneyer, 1983) Incubation medium. The basic incubation medium (KHB) was a Krebs-Henseleit (1932) bicarbonate-buffered salt solution, containing 111 mM-NaCl, 4.7mM-KCl, 1.OmM-Na2HPO4, (1,Ci/ml) was added to incubation flasks containing acini or tissue fragments in KHB, for 90min at 370C. Acini or fragments were then washed three times with lOml of KHB containing glucosamine (1 mM), glucose (12mM) and bovine serum albumin (2%, w/v, for acini; 1%, w/v, for fragments) and incubated in similar medium for 60min at 37°C.
Medium was then removed and acini (approx. 2 x 105/ml) or fragments (70-100mg wet wt./2.5ml) were incubated under experimental conditions. At time zero and after the times stated in the text and Figure legends, aliquots of incubation medium were centrifuged (lOs in an Eppendorf microcentrifuge) and the mucins in 0.5 ml of medium were precipitated by addition of an equal volume of a trichloroacetic acid (20%, w/v)/phosphotungstic acid (1%, w/v) solution at 4°C. The precipitates were washed three times with a solution of trichloroacetic acid (10%, w/v)/phosphotungstic acid (0.5%, w/v) at 4°C and dissolved in 0.5ml of 0.5M-NaOH. The radioactivity in the samples was measured on the 14C channel of a Packard Tri-Carb liquid-scintillation counter with an efficiency of 80-85%. In all cases, quench corrections were made by an internal channels ratio method.
Release of lactate dehydrogenase. Acini were incubated under the same conditions as for measurement of mucin release. After centrifugation (lOs in an Eppendorf microcentrifuge) lactate dehydrogenase in the medium was measured spectrophotometrically.
Measurement ofATP content. The ATP concentration in neutralized HC104 extracts of tissue fragments or isolated acini was measured as described previously (McPherson & Schofield, 1974; Dormer, 1984) , using the firefly luciferinluciferase assay.
Measurement of45Ca2+fluxes. The methods used for measurement of 45Ca2+ uptake and efflux in isolated acini have been described previously .
45Ca2+ uptake was measured as follows. Acini were preincubated for 60min and then resuspended (approx. 3 x 105 acini/ml) in fresh KHB containing CaCl2 (1.28mm), glucose (12mm) and bovine serum albumin (2%, w/v). After 15min equilibration at 37°C (shaking at 60 cycles/min), 45CaC12 (3yCi/ml), in the presence or absence of secretagogue, was added. Duplicate samples (0.4 or 0.5ml containing 0.3-0.6mg of protein) were taken from each flask at various times after 45Ca2+ addition.
45Ca2+ efflux was measured as follows. Acini were preincubated for 60min and then resuspended (approx. 3 x 105 acini/ml) in fresh KHB containing CaCl2 (1.28mM), glucose (12mM) and bovine serum albumin (2%, w/v). They were then labelled with 45CaCl2 (3jCi/ml) for 60min at 37°C, centrifuged (2min, 50g), washed in ice-cold KHB and resuspended in fresh, non-radioactive medium at 37°C. Acini were divided between flasks, duplicate samples (0.4 or 0.5 ml containing 0.3-0.6mg of protein) were taken immediately (time zero) and addition of secretagogues was made. Samples were then taken from each flask, in duplicate, at various times thereafter.
In both uptake and efflux experiments, acini were separated from the medium by dilution into 20vol. of ice-cold saline (0.9%, w/v) and immediate filtration on Nuclepore filters (3,um pore size). The filters were washed with a further 10 vol. of icecold saline (0.9%, w/v) and placed in plastic tubes. Water (2ml) was added and the mixture was sonicated for 5-lOs (18pm peak-to-peak using an MSE ultrasonic disintegrator). The The morphology of typical isolated acini is shown in Fig. 1 (1980) . It was apparent that stimulation of mucin release by mixed a-and P-agonists (adrenaline and noradrenaline) was less sensitive to inhibition by propranolol than was stimulation by the pure fl-agonist, isoproterenol (Table 1) .
Role of Ca2+ in stimulation of mucin release
Studies of the effects of removal of extracellular Ca2+ on mucin release from isolated acini were carried out using conditions unlikely to deplete intracellular Ca2+ stores before addition of secretagogue. Acini were washed once in Ca2+-free medium and incubated in either Ca2+ (1.3 mM)- Table 2 . Kinetic analysis of 45Ca2+ uptake into isolated submandibular acini 45Ca2+ uptake into isolated acini, in the presence or absence of isoproterenol, was measured as described under 'Methods' and the resulting curves were analysed graphically, as described. Values are mean + S.E.M. for the number of measurements denoted in parentheses. *P < 0.002 for the difference from control by Student's t-test. The kinetic parameters derived from graphical analysis are shown in Table 2 . There were two exponential phases of 45Ca2+ uptake, with rate constants of the order of 0.1 min-I and 0.01 min'I, which are similar to those demonstrated in other mammalian cells (Borle, 1969; Claret-Berthon et al., 1977; Kondo & Schulz, 1976) . The faster phase of 45Ca2+ uptake, which was unaffected by isoproterenol, may represent binding to the outer cell surface (Borle, 1968) , whereas the slower component probably represents exchange with intracellular Ca2 . Isoproterenol increased the rate constant for 45Ca2+ flux into the more-slowly exchanging compartment (Table 2 ).
In order to investigate whether fJ-adrenergic stimulation of 45Ca2+ exchange represented increases in net Ca2+ flux, the effect of adding isoproterenol after .1 h of 45Ca2+ labelling, without removal of extracellular 45Ca2+, was examined (Fig. 5 ). Isoproterenol caused a decreased 45Ca2+ content which was not seen until at least 10min after the addition. This effect was the same if isoproterenol was added after 2h of 45Ca2+ labelling (results not shown), when 45Ca2+ exchange approached steady state. Thus, increased Ca2+ mobilization in response to isoproterenol is likely to represent a net release of Ca2+ from the acinar cells.
increases in 45Ca2+ uptake occurred in response to isoproterenol. 45Ca2+ efflux from acini prelabelled for 60min was also increased by isoproterenol (Fig.  4b) , but, as for uptake, the effect was delayed. Thus, after 5min incubation, control and stimulated rates of efflux were virtually identical [79.0 + 3.2% of zero-time, control, and 75.2 + 3.5% of zero-time, +isoproterenol (1OMm); n = 4], and even after 15 min incubation, the difference between control (68.9 + 3.7% of zero time; n = 4) and stimulated (60.8 + 3.2% of zero time; n = 4) efflux was not significant, as determined by Student's t test.
Discussion
The preparations of isolated rat submandibular acini described provide an in vitro preparation for studying regulation of mucin secretion, which shows similar secretory responses to those of intact tissue. The preparations are predominantly (approx. 90%) acinar cells in the normal acinar configuration. Thus, they have advantages over tissue slices (Bogart & Picarelli, 1978) and dispersed acinar-duct complexes (Quissell & Redman, 1979) (McPherson et al., 1983) .
In the present study, acini preparations have been characterized by using phase-contrast microscopy, Trypan Blue exclusion, ATP content and lactate dehydrogenase leakage and have been shown to be viable in terms of these morphological and functional criteria. They also show comparable secretory responses to those of intact tissue fragments incubated in vitro. Thus, similar timecourse, dose-dependence and degree of stimulation of mucin release by adrenergic secretagogues was observed.
Our results show that stimulation of f,-, but not a-, adrenergic receptors increases mucin release from isolated acini and tissue fragments, in agreement with Bogart & Picarelli (1978) . Quissell & Barzen (1980) , however, reported that although /iadrenergic stimulation was essential for stimulation of mucin release, stimulation ofa-adrenergic receptors could potentiate the fl-effect. The reason for these differences is not clear, but could be due to the different cell preparations used. Our results, using both acini and intact tissue fragments, indicate that adrenergic control of protein secretion from the acinar cells of the rat submandibular gland, like those of the rat parotid gland (Mangos et al., 1975; Kanagasuntheram & Randle, 1976; McPherson & Hales, 1978) , is mediated primarily by stimulation of P-adrenergic receptors.
A role for Ca2+ in the stimulation of mucin release was suggested on the basis that depletion of submandibular cell Ca2+ (5 mM-EGTA for 1 h) resulted in inhibition of noradrenaline-stimulated mucin release (Quissell & Barzen, 1980) . Removal of extracellular Ca2+ (see the Results section and Quissell & Barzen, 1980) resulted in only partial inhibition of isoproterenol-or noradrenalinestimulated release, suggesting a possible involvement of intracellular Ca2+ store(s). Isoproterenol increased 45Ca2+ exchange in rat submandibular acini, indicating increased intracellular Ca2+ mobilization. However, this showed a delayed (approx. 10min) onset, whereas no corresponding delay in onset of stimulation of mucin release was apparent. In contrast, isoproterenol caused a substantial, rapid (within 2-4min) efflux of 45Ca2+ from rat parotid acinar cells (Kanagasuntheram & Randle, 1976; Butcher, 1980) .
In pancreatic acini, we also observed marked increases in 45Ca2+ fluxes within 1-2min of addition of secretagogue , which supported the hypothesis that release of, Ca2+ from intracellular store(s) was involved in triggering amylase secretion. Our subsequent studies have provided direct evidence that Ca2+ is released from intracellular membranes Richardson & Dormer, 1984) and that a rise in intracellular free Ca2+ is the trigger for carbamylcholine stimulation of amylase release from rat pancreatic acini (Dormer, 1983 (Dormer, , 1984 .
It is apparent that secretagogue-induced increases in intracellular Ca2+ mobilization in mucous acinar cells are different from those in serous cells in terms of magnitude and time course, and that they are not involved in triggering mucin release. Our previous studies using cystic fibrosis serum have shown that mucin release can be stimulated in the absence of increases in 45Ca2+ efflux (McPherson et al., 1983) . In addition, we have recently demonstrated that the bivalent cation ionophore A23187 increases intracellular free Ca2+ concentrations at a concentration (2pM) which does not increase mucin release (McPherson & Dormer, 1984b) , indicating that a rise in intracellular Ca2+ concentration is not a sufficient trigger for mucin secretion.
The significance of the increased 45Ca2+ exchange mediated by ,B-adrenergic stimulation in rat submandibular acini is not clear. Our results suggest that this represents a small net release of Ca2+ from a slowly exchanging intracellular pool, which may contribute to the Ca2+ content of the saliva.
In conclusion, our present data do not suggest a primary role for Ca2+ in ,B-adrenergic stimulation of imucin secretion from rat submandibular acini, although Ca2+ may play a modulating role in maintaining stimulated rates of secretion induced by other intracellular regulator(s).
